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exhibit differences in structural styles, such as foreland and hinterland deformation, and would not be distributed 
over a region 1,000 km normal to the structural trend. Therefore, the distribution of relatively uniform deform- 
ation that records modest strain over large regions with small aspect ratios suggests Ishtar deformation results from 
forces transmitted from below the crust, rather than from forces transmitted horizontally as in plane forces. 

Furthermore, the observation that characteristic structural fabrics continues, in a direction normal to structural 
trend, from mountain belt to adjacent tessera, across changes in elevation of 2-6 km, indicates that these structures 
are not specifically related to topography. Similarly, the abrupt termination of structural fabric along strike with 
no obvious truncating faults, and the coincidence of this termination with topographic slopes suggests that 
mountain belt topography is defined by something other than the structural fabric. In addition, the modest 
shortening which can be accommodated by the ridges of Ishtar mountain belts and tessera terrains (<25%) is not 
sufficient to support the elevated topography of these regions. Each of these observations argues, therefore, that 
the structures themselves are not responsible for the elevation of the deformed belt. The simplest explanation 
then, is that the topography of the deformed belts results from below. 

On a related point, the regionally distributed (passive) volcanism seems paradoxical to the high topography ot 
the deformed belts if the deformed belts result from thickened crust [10-11]. 

We propose a model for Ishtar deformation in which the surface strain results from stresses below the crust 
rather than from horizontal forces of colliding plates. Basilevsky et al. 122] suggested that sub-lithospheric flow 
might be responsible for large regions of deformation given the lack of plate tectonic features interprctablc from 
Venera images. Phillips [21,23] modeled viscous flow in the interior of Venus and illustrated flow can induce 
horizontal stresses capable of intense lithospheric deformation. Our model follows this original suggestion. 

In the model, domains within the upper elastic mantle transmit stresses to the overlying crust, which deform 
in tablecloth fashion. The observations require that the crust be partly decoupled from the mantle such that it can 
deform, yet coupled to the elastic mantle such that shear strain acting on the elastic mantle (presumably in 
response to mantle convection) can be transmitted to the upper crust. The two layer crust deforms in parasitic 
structures over the elastic mantle; the upper, strong crust deforms in folds with local exlcnsional fractures. The 
lower crust deforms in a ductile fashion, and provides a source of partial melt, which given the appropriate tectonic 
conditions (pressure release melting) could be leaked to the surface. Each structural and topographic domain within 
Ishtar Terra could be underlain by a discreet domain, or by transitions between domains, within the upper mantle. 
Differences in viscosity, thickness, and displacements define individual domains. For example, Lakshmi anum 
may be underlain by a strong, immobile mantle, and the uncharacteristically large aspect rauo of Danu and 
Itzpapalotl might indicate their locations above domain boundaries. Danu would lie above a transition between 
Lakshmi upper mantle, and that of Clotho tessera. Itzpapalotl may lie above a broad transitional domain between 
plains mantle and strained mantle of Freyja Montes, and its apparent structural asymmetry [24] may record 
northeast translation of the plains block relative to the mantle domain which underlies Freyja. 

In this model the evolution of Ishtar deformed belts is very different from that of terrestrial mountain bells, 
which result from horizontal forces of colliding plates. The closest terrestrial analog is that of the Ternary 
Laramide orogeny that affected western North America from Montana to Texas, and Nevada to Colorado Laramide 
deformation was due to extremely low angle subduction of the Farallon plate beneath North America, and resulted 
from stresses transmitted from below across the horizontal plate boundary [25-26]. 

In summary, we propose that Ishtar deformation results from stresses below the crust rather than Irom 
horizontal forces of colliding plates. Individual deformed belts within Ishtar Terra might be underlain by discreet 
domains within the upper mantle. Domains could be defined by changes in viscosity, thickness, and displacement 
rates and trajectories. Detailed structural and kinematic mapping of Ishtar deformation may allow us to identity 
individual domains, and to constrain spatial and temporal displacement trajectories between domains. Such results 

would place important constraints on gcodynamic models. , loun r , R 
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